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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
M PRRIJMINARY AMENDMENT "A" 

Applicant(s): Juergen Kockman et al. Attorney Docket No.: P99,2690 

Serial No.: 09/446,545 Group Art Unit: Unknown 

5 Date Filed: December 22, 1999 Examiner: Unknown 

Invention: "METHOD AND ARRANGEMENT FOR EFFECTIVE 
RADIO TRANSMISSION OF DATA" 

Hon. Assistant Commissioner for Patents 

Washington, DC 20231 

10 Sir: 

Applicants herewith amend the above-referenced application, and request 
entry of the Amendment prior to examination. 
TN THE SPECTFTCATION: 

On page 1, cancel the title and text above line 4, and insert the following 
1 5 text and amended title above Une 4: 

-TITLE 

METHOD AND ARRANGEMENT FOR EFFECTIVE RADIO 
TRANSMISSION OF DATA 
BACKGROTJND OF THF. INVENTION -: 

2 0 in line 7, cancel "pluraUty" substitute -number- therefor; 

in Ime 11, cancel "1990s" substitute -1990's- therefor, and cancel 

"analog" substitute -analog- therefor; 
in line 12, cancel "Standards" substitute -standards- therefor; 
in line 13, cancel "Standards" substitute -standards- therefor. 

2 5 On page 2, at the top of the page, cancel "GR 97 P 2 1 2 1 P"; 

in hne 12, after "with" insert a comma, and after "case" insert a comma. 

On page 3, at the top of the page, cancel "GR 97 P 2121 P". 



On page 4, at the top of the page, cancel "GR 97 P 2121 P"; 



in line 10, cancel "Standards" substitute -standards- therefor; 
in line 20, cancel substitute -=~ therefor; 
below line 23, insert a centered heading: 

- STTMMARY OF THE INVENTION -: 
below line 29, insert the following: 

-This object is achieved in accordance with the present invention is a 
method for digital radio transmission of data between a fixed 
station and at least one mobile station at one of a number of carrier 
frequencies, said method comprising the steps of: transmitting data 
in a number of time slots using a time-division multiplex method, 
said data being transmitted in active time slots each of which is 
followed by an inactive time slot in which no data is transmitted, 
said inactive time slot having a time duration shorter than a time 
duration of an active time slot; and changing from a first carrier 
frequency to a second carrier frequency after a predetermined time 
period. 

This object is also achieved in accordance with the present invention in an 
arrangement for digital radio transmission of data between a fixed 
station and at least one mobile station in a number of time slots 
using the time-division multiplex method, and at a number of 
carrier frequencies using the frequency-division multiplex method, 
said arrangement comprising: a fixed station having a first RF 
module for choosing a carrier frequency for transmitting during one 
of said time slots, and for changing from a first carrier frequency to 
a second carrier frequency during a predetermined time period on 
an order of magnitude of one time slot; at least one mobile station 
having a second RF module for choosing a carrier frequency for 
transmitting during one of said time slots, and for changing from 
said first carrier frequency to said second carrier frequency during 
said predetermined time period on an order of magnitude of one 
time slot; and a transmission time frame having active time slots in 
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which data is transmitted, each of said active time slots being 
followed by an inactive time slot in which no data is transmitted, 
said inactive time slot having a time duration being shorter than 
that of a time duration of an active time slot.--; 
5 in line 33, cancel "plurality" substitute -number- therefor, and cancel 

"are" substitute -is- therefor; 
in line 38, cancel "are" substitute -is- therefor. 

On page 5, at the top of the page, cancel "GR 97 P 2121 P"; 
in line 1, cancel "are" substitute -is- therefor; 
10 in line 20, cancel "pluraUty" substitute -number- therefor; 

in line 22, cancel "plurality" substitute -number- therefor; 
in line 31, cancel "are" substitute -is- therefor; 
in Une 32, cancel "are" substitute -is- therefor. 

On page 6, at the top of the page, cancel "GR 97 P 2121 P"; 
15 cancel Unes 8-10, substitute the following at line 8: 

These and other features of the invention(s) will become clearer with 
reference to the following detailed description of the presently preferred 
embodiments and accompanied drawings. 

PFSri^TPTTON OF THE DRAWINGS -: 
2 0 in line 1 1 , cancel "shows" substitute -is a block diagram of- therefor; 

in line 12, cancel the comma substitute a period therefor; 
in line 14, cancel the comma substitute a period therefor; 
in line 17, cancel the comma substitute a period therefor; 
in line 20, cancel "invention," substitute -present invention.- therefor; 
2 5 below line 20, insert a centered h YA eading: 

- DKTATLED DESCRIPTION OF THE PRESENTLY PREFERRED 

EMBODIMENTS 
in line 23, after "network" insert -(not shown)-. 
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On page 7, at the top of the page, cancel "GR 97 P 2121 P"; 
in line 32, cancel "are" substitute -is— therefor. 

On page 8, at the top of the page, cancel "GR 97 P 2121 P". 

On page 9, at the top of the page, cancel "GR 97 P 2121 P". 

5 On page 10, at the top of the page, cancel "GR 97 P 2121 P". 

On page 1 1, at the top of the page, cancel "GR 97 P 2121 P"; 
below line 13, insert a paragraph: 

Although modifications and changes may be suggested by those of 
ordinary skill in the art, it is the intention of the inventors to embody within the 
1 0 patent warranted hereon all changes and modifications as reasonably and properly 
come within the scope of their contribution to the art,--. 



Cancel page 12. 
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IN THE CLAIMS : 

On page 13, at the top of the page, cancel "GR 97 P 2121 F'; 

in line 1, cancel "Patent Claims" substitute - WE CLAIM AS OUR 
INVENTION: - therefor. 
5 Please cancel claims 1-10 and substitute the following claims 11-20 

therefor: 

1 L A method for digital radio transmission of data between a fixed 
station and at least one mobile station at one of a number of carrier frequencies, 
said method comprising the steps of: 
1 0 transmitting data in a number of time slots using a time-division multiplex 

method, said data being transmitted in active time slots each of 
which is followed by an inactive time slot in which no data is 
transmitted, said inactive time slot having a time duration shorter 
than a time duration of an active time slot; and 
1 5 changing from a first carrier frequency to a second carrier frequency after a 

predetermined time period having an order of magnitude of one 
time slot. 

12. The method according to claim 11, wherein a time duration of an 
inactive time slot is half that of a time duration of an active time slot, 

2 0 13. The method according to claim 1 1 , wherein said data is transmitted 

using a time-division multiplex duplex method. 

14. The method according to claim 1 1, wherein a transmission frame 
has four active time slots for transmitting from said fixed station to said mobile 
station and four time slots for transmitting from said mobile station to said fixed 

2 5 station. 

1 5 . The method according to claim 1 1 , wherein said data is transmitted 
in a 2.4 GHz band. 
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16. An arrangement for digital radio transmission of data between a 
fixed station and at least one mobile station in a number of time slots using the 
time-division multiplex method, and at a number of carrier frequencies using the 
frequency-division multiplex method, said arrangement comprising: 

a fixed station having a first RF module for choosing a carrier frequency 
for transmitting during one of said time slots, and for changing 
from a first carrier frequency to a second carrier frequency during a 
predetermined time period on an order of magnitude of one time 
slot; 

at least one mobile station having a second RF module for choosing a 

carrier frequency for transmitting during one of said time slots, and 
for changing from said first carrier frequency to said second carrier 
frequency during said predetermined time period on an order of 
magnitude of one time slot; and 

a transmission time frame having active time slots in which data is 

transmitted, each of said active time slots being followed by an 
inactive time slot in which no data is transmitted, said inactive time 
slot having a time duration being shorter than that of a time 
duration of an active time slot, 

17. The arrangement according to claim 16, wherein said time duration 
of said inactive time slot is half that of said duration of said active time slot. 

18. The arrangement according to claim 18, wherein said transmission 
frame comprises four active time slots for transmitting fom said fixed station to 
said mobile station, and four time slots for transmitting from said mobile station to 
said fixed station. 

19. The arrangement according to claim 16, wherein said carrier 
frequencies are in a 2.4 GHz band. 
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20. The arrangement according to claim 16, wherein said first and 
second RF modules change said carrier frequencies during an inactive time slot. 

TN THE ABSTRACT: 

On page 15, cancel lines 1-5, insert the following centered heading at Hne 

5 1: 

- ABSTRACT OF THE DISCLOSURE -: 

cancel lines 6-23, substitute the following abstract therefor: 
According to the present invention, a method and an arrangement are 
provided for digital radio transmission of data between a fixed station and at least 
1 0 one mobile station at one of a number of carrier frequencies, the data being 

transmitted in a number of time slots using a time-division multiplex method. The 
change from one carrier frequency to another carrier frequency requires a 
predetermined time period when so-called slow hopping RF modules are used. 
The data is transmitted in active time slots, which are each followed by an inactive 
1 5 time slot in which no data is transmitted and which is sufficient for the RF 

modules to program the frequency for the next active time slot. According to the 
present invention, the time duration of the inactive time slot is shorter than that of 
an active time slot.--. 



REMARKS: 

The present Amendment revises the specification, drawings and claims to 
conform to United States patent practice, before examination of the present 
application. All of the changes are editorial and no new matter is added thereby. 
The cancellation of claims 1-10, in favor of new claims 1 1-20, has been made 
solely for convenience, since the amount of bracketing and underlining necessary 
to editorially amend claims 1-10 in order to conform to United States patent 
practice would have been excessive and burdensome. The cancellation of claims 
1-10 is therefore not intended to be a surrender of any of the subject matter of 
those claims. 

Early examination on the merits is respectfully requested. 



Respectfully submitted, 

rReg. No. 28.982^ 

Steven H. Noll 
Hill & Simpson 
A Professional Corporation 
85*^ Floor - Sears Tower 
Chicago, Illinois 60606 
(312) 876-0200 ext. 3899 
Attorneys for Applicant(s) 
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Method and arrangement for effective radio transmission 
of data 



5 arrangement for effective radio transmission of data 
between a fixed station and at least one mobile station 
at one of a plurality of carrier frequencies, the data 
being transmitted in time slots using a time-division 
multiplex method (TDMA) • 

10 The DECT Standard was adopted at the start of the 

1990s in order to replace the various existing analogue 
and digital Standards in Europe. This is the first common 
European Standard for cordless telecommunications. A DECT 
network is a microcellular, digital mobile radio network 

15 for high subscriber densities. It is primarily designed 
for use in buildings. However, it is also possible to use 
the DECT Standard outdoors. The capacity of the DECT 
network of around 10,000 subscribers per square kilometer 
provides, from the cordless Standard, ideal access 

20 technology for network operators. According to the DECT 
Standard, it is possible to transmit both voice and 
digital signals. Thus, cordless data networks can also be 
built on a DECT basis. 



25 detail in the following text with reference to Fig. 2. A 
digital, cordless telecommunications system for ranges of 
less than 300 m has been standardized for Europe under 
the designation DECT (Digital Enhanced Cordless Tele- 
communication) . In conjunction with the switching fxinc- 

3 0 tion of a telecommunications system, this system is 
therefore suitable for mobile telephone and data traffic 
in an office building or on a commercial site. The DECT 
functions supplement a telecommunications installation, 
and thus make it the fixed station PS of the cordless 

35 telecommunications system. Digital radio links between 
the fixed station PS and a maximum of 120 mobile stations 
MS can be produced, monitored and controlled on up to 120 



The present invention relates to a method and an 



The DECT Standard will be explained in more 
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channels • 

A maximum of ten different carrier frequencies 
(carriers) are used for transmission in the frequency 
range from 1.88 GHz to 1.9 GHz. This frequency -division 
5 multiplex method is called FDMA (Frequency Division 
Multiple Access) . 

Twelve channels are transmitted successively in 
time on each of the ten carrier frequencies using the 
time-division multiplex method TDMA (Time Division 

10 Multiple Access) . Cordless telecommunication in accord- 
ance with the DECT Standard using ten carrier frequences 
with in each case twelve channels per carrier frequency 
provides a total of 120 channels. Since one channel is 
required, for example, for each voice link, there are 120 

15 links to the maximum of 120 mobile stations MS. The 
duplex method (TTD) is used on the carriers. Once the 
twelve channels (channels 1 - 12) have been transmitted, 
the system switches to receive, and the twelve channels 
(channels 13 - 24) in the opposite direction are 

2 0 received. 

A time-division multiplex frame thus comprises 
24 channels (see Fig. 2) . In this case, channel 1 to 
channel ±2 are transmitted from the fixed station FS to 
the mobile stations MS, while channel 13 to channel 24 

25 are trsmsmitted in the opposite direction, from the 
mobile stations MS to the fixed station FS . The frame 
duration is 10 ms. The duration of a channel (time slot) 
is 417 lis, 320 bits of information (for example voice) 
and 100 bits of control data (synchronization, signalling 

30 and error check) are transmitted in this time. The useful 
bit rate for a subscriber (channel) results from the 320 
bits of information within 10 ms. It is thus 32 kilobits 
per second. 

Integrated modules have been developed to carry 
35 out the DECT functions for fixed and mobile stations. In 
this case, the fixed station and the mobile station carry 
out similar functions. One of these said integrated 
modules is in this case the RF module, that is to say the 
module which carries out the actual function of receiving 
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and transmitting the RF band. 

It is known for so-called fast hopping RF modules 
to be used, that is to say RF modules which can carry out 
a change in the carrier frequency from one time slot or 
5 channel to the next. These fast hopping RF modules are 
intrinsically veiry complex and costly. Thus, in practice, 
so-called slow hopping RF modules are mainly used, that 
is to say modules which require a certain amoimt of time 
to change the carrier frequency for the next time slot. 

10 The time period which the slow hopping RF module requires 
to change the carrier frequency corresponds essentially 
to the time period of one time slot. This means that, 
after each active time slot, that is to say after each 
slot in which data are transmitted, a so-called inactive 

15 time slot (blind slot) must follow, in which no data can 
be transmitted. This means that, in practice, only six 
links are available on one carrier frequency to the DECT 
standard, instead of the twelve possible links. 

A DECT channel is defined by its time slot and 

20 its carrier frequency. In this case, it should be noted 
that, according to the DECT Standard, the organization to 
reuse physical channels is carried out by means of 
dynamic channel selection. This means that there is no 
need for any complex frecpiency planning, as in cellular 

25 systems. To set up a link, the signal levels of all the 
channels are measured continuously, and the interference- 
free channels are controlled in a channel list (channel 
map) . While a link exists, the signal levels of all the 
channels and the reception quality continue to be moni- 

30 tored. If this monitoring indicates that the channel 
currently being used has been transmitted at a carrier 
frequency which is subject to interference (for example 
as a result of the influence of a transmission at the 
same carrier frequency from or to another fixed station) , 

35 another carrier frequency is automatically selected for 
the next active time slot, and is entered in the channel 
list as being interference- free . 

As an alternative, a so-called frequency hopping 
method can also be used, in which the carrier frecpiency 
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is changed after a predetermined time period, for example 
a transmission frame. 

For nations outside Europe, the DECT Standard may- 
need to be modified and matched to local conditions. For 
5 example, in the USA, the normal DECT band between 1.88 
and 1.90 GHz cannot be used for transmission, and the 
generally accessible 2.4 GHz ISM band (Industrial, 
Scientific, Medical) is available instead of this. 
Furthermore, changes would have to be carried out for 

10 matching to the national Standards, such as the American 
Standard "FCC part 15" (Federal Communications 
Commission) . This American Standard describes the trans- 
mission method, transmission powers and available 
bandwidth allowed for the radio interface. 

15 In the DECT Standard, in addition to the 320 

information bits mentioned above, each time slot also 
contains another 104 bits required for signal trans- 
mission, as well as 56 bits in a guard field, so that 
each time slot contains a total of 480 bits. This results 

20 in a data rate of (24 x 480 bits) /lO ms =) - 
1 152 000 bits/s. A data rate at this level is pointless 
in the American ISM band, since the bandwidth required 
per usable channel would be too large. 

The present invention thus has the object of 

25 providing a method and an arrangement for digitial radio 
transmission of data, which uses the bandwidth of a TDMA 
system effectively. The method and the arrangement are 
intended to allow, in particular, cost-effective use of 
the said slow hopping RF modules. 

30 Thus, according to the invention, a method is 

provided for digital radio transmission of data between 
a fixed station and at least one mobile station at one of 
a plurality of carrier frequencies. The data are in this 
case transmitted in time slots using a time -division 

35 multiplex method (TDMA) . The change from one carrier 
frequency to another carrier frequency is in this case 
carried out in a predetermined time period. 

The data are transmitted in active time slots, 
each of which is followed by an inactive time slot in 
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which no data are transmitted. According to the inven- 
tion, the time duration of the inactive time slot is 
shorter than that of the active time slot. 

In particular, the time duration of the inactive 
5 time slot may be half that of the active time slot. This 
time slot structure allows more active links to be 
created per time frame, which results in more effective 
utilization of the bandwidth of the TDMA system. 

A transmission time frame may, in particular, 
10 contain four active time slots for transmitting from the 
fixed station to the mobile station, as well as four time 
slots for transmitting from the mobile station to the 
fixed station. 

The transmission can take place in a 2.4 GHz 

15 band. 

Furthermore, an arrangement for radio trans- 
mission of data is provided according to the invention. 
The arrangement according to the invention has a fixed 
station and at least one mobile station, between which 

2 0 the data can be transmitted in a plurality of time slots 
using the time-division multiplex method (TDMA) , and at 
a plurality of carrier frequencies using the frequency- 
division multiplex method (FDMA) . The fixed station and 
the at least one mobile station each have an RF module, 

25 by means of which the carrier frequency for transmitting 
during one of the time slots can be chosen. In this case, 
the RF modules require a predetermined time duration in 
the order of magnitude of one time slot to change from 
one carrier frequency to another carrier frequency. 

30 According to the invention, a transmission time frame has 
active time slots in which data are transmitted, each 
followed by an inactive time slot, in which no data are 
transmitted. The time duration of the inactive time slot 
is, in particular, shorter than that of the active time 

35 slot. It is particularly advantageous if the time 
duration of the inactive time slot is half that of the 
active time slot. This makes it possible to ensure that 
more active links can be created during a time frame, and 
that the bandwidth is thus used more effectively. 
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A transmission time frame may contain four active 
time slots for transmitting from the fixed station to the 
mobile station, as well as four time slots for transmit- 
ting from the mobile station to the fixed station. 
5 The carrier frequencies may be in a 2.4 GHz band. 

The RF modules may, in particular, change the 
carrier frequencies during an inactive time slot. 

The invention will now be explained in more 
detail using an exemplary embodiment and with reference 
10 to the accompanying drawings, in which: 

Pig. 1 shows an arrangement according to the inven- 
tion for digital radio transmission of data. 
Fig. 2 shows a schematic illustration of the known 
DECT Standard, 

15 Fig. 3 shows a schematic illustration of the channel 

allocation for matching the known DECT Standard to 
the American ISM band. 

Fig. 4 shows a particularly effective allocation of 
the channels from the DECT Standard matched to the 

2 0 ISM band, according to the invention. 

Fig. 1 shows an arrangement for digital radio 
transmission of data. A fixed station 1 is in this case 
connected to the fixed network by means of a terminal 
line 10. The fixed station 1 has an RF module 4, with 

25 which data can be transmitted and received by means of an 
antenna 6. The RF module 4 may be, in particular, a so- 
called slow hopping RF module, that is to say a particu- 
larly cost-effective RF module, which intrinsically 
requires a certain period of time to change from one 

30 carrier frequency to another carrier frequency. This time 
period is in the order of magnitude of a time slot, that 
is to say between about 100 (ms and 1 ms, and, in parti- 
cular, between about 300 fis and 500 /xs. This time period 
required for the carrier frequency change may correspond, 

3 5 for example, to the time period which is filled by a time 

slot in a time-division multiplex method (TDMA) . By means 
of the antenna 6, a radio transmission may be made via a 
radio transmission path 8 to a mobile station 2, or a 
radio transmission may be made to a mobile station 
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(cordless telephone) 3 via a second radio transmission 
path 9. All the mobile stations illustrated in Fig. 1 are 
of the same design, so that a more detailed explanation 
will be given only on the basis of the illustrated mobile 
5 station 2 . 

As can be seen in Pig. 1, this mobile station 2 
has an antenna 7 for receiving and for transmitting data 
from and, respectively, to the fixed station 1. The 
mobile station 2 contains an RF module 5, which essen- 

10 tially corresponds to the RP module 4 used in the fixed 
station 1. The RF module 5 of the mobile station 2 may 
thus also be a so-called slow hopping RF module. 

It is now intended to explain, with reference to 
Fig. 2, how the known DECT Standard can be matched to the 

15 American XSM band. As already mentioned above, if the 
DECT Standard were retained, the resulting data rate 
would be too high for the ISM band. As can be seen in 
Fig. 3, the nxamber of time slots per frame is for this 
reason halved, that is to say only 12 time slots Zl - Z12 

20 are now provided in the ten milliseconds of a time frame 
instead of the 24 time slots (channels) in the DECT 
Standard, each of which 12 time slots can be used to 
transmit 480 bits. By halving the niomber of time slots, 
the data rate is also halved, in a corresponding manner, 

25 to (12 X 480 bits)/10 ms = 57G000 bits/s. This lower data 
rate results in a bandwidth that is acceptable for the 
American ISM band* 

As can be seen, per se, in Fig. 3, it is neces- 
sary to provide so-called slow hopping RF modules in a 

3 0 cost-effective implementation of the equipment required 
for radio transmission, which means that each active time 
slot in which data are transmitted must be followed by an 
inactive time slot (blind slot) , in which no data can be 
transmitted. If twelve time slots Zl - Z12 are provided 

35 (6 time slots Zl - Z6 for transmission from a mobile 
station to the fixed station and 6 time slots Z7 -Z12 for 
transmission from the fixed station to a mobile station) , 
then there is a maxim\im of only three possible links 
available. In an implementation using the cost-effective 
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slow hopping RF modules, the usable channel capacity is 
thus not very great as a result of the regulation by the 
slow hopping RF module to a maximxun of three links . 

Possible active time slots are illustrated shaded 
5 in Fig. 3. For example, as illustrated, transmission from 
the fixed station 1 to a mobile station 2, 3 can be made 
at the carrier frequency ±2 in the time slot Zl (RXl) . If 
this time slot 21 is followed by a time slot Z2, in which 
no data transmission takes place (inactive time slot, 

10 blind slot) , a slow hopping RF module can also use the 
time duration of the inactive time slot Z2 to change the 
carrier frequency. As illustrated in Fig. 3, the carrier 
frequency can be changed, for example, from the carrier 
frequency fj to the carrier frequency f^^ Thus, as illus- 

15 trated in Fig. 3, a transmission can be made in the time 
slot Z3 from the fixed station to a mobile station, at 
the carrier frequency f^ {RX2) . The layout shown in Fig. 
3 is thus distinguished by the fact that, with the given 
time slot distribution, an active time slot (illustrated 

20 shaded) can be operated at each of the predetermined 
carrier frequencies (f^^, £2 ••.). 

It should be remembered that, according to the 
DECT Standard, the organization of reuse of physical 
channels is carried out by means of dynamic channel 

25 selection, a channel being defined by its carrier fre- 
quency and its time slot. There is thus no need for any 
complex frequency planning, as in cellular systems. To 
set up links, the signal levels of all the channels are 
measured continuously, and the interference- free channels 

30 are controlled in a channel list (channel map) . During a 
link, the signal levels of all the channels of all the 
possible carrier frequencies, and the reception quality, 
continue to be monitored. 

Thus, as illustrated in Fig. 3, if it is found in 

35 the time slot Zl when transmitting (RXl) at the carrier 
frecjpiency ±2 that the reception or transmission condi- 
tions are better at the carrier frequency f^^, then it is 
possible to change, during the time duration of the time 
slot Z2 in which no data transmission takes place^ to the 
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carrier frequency 1 which has been identified as being 
better* The transmission RX2 takes place during the time 
slot Z3 at the carrier frequency fj which has been 
identified as being better. 



method can also be used, in which the carrier frequency 
is changed after a predetermined time period, for example 
a transmission frame. 



10 illustrated in Fig. 3 has the disadvantge that, since the 
number of time slots per time frame is halved to 12, as 
a result of which the duration of a time slot is doubled 
to 833 fiB, and as a result of the necessity for the 
inactive time slots after each active time slot, this 

15 results in only three possible links (three links from a 
fixed station to a mobile station and three links from a 
mobile station to a fixed station) being available, in 
contrast to the six possible links according to the DECT 
Standard. 

20 Fig. 4 illustrates a time slot structure which 

allows the maximum possible nvunber of links to be 
increased from three to four without there being any 
negative effect on flexible selection of the carrier 
frequencies from one active time slot to the next active 

25 time slot. As can be seen in Fig. 4, this increase in the 
maximum n u mber of links from three to four is essentially 
achieved by the time duration of an inactive slot, during 
which no data transmission takes place, being shortened 
in comparison with the time duration of an active time 

30 slot. As is shown in Fig. 4, the time duration of an 
active time slot 21, 23, 25, 27, 29, 211, 213 and 215 in 
a time frame is in each case 833 ms, if the time frame 
lasts for 10 ms overall. The time duration of the in- 
active time slots 22, 24, 26, 28, 210, Z12, 214 and 216 

35 is only 417 pts, as illustrated in Fig. 4, and is thus 
essentially only half the time duration of the active 
time slots. A slow hopping RF module known from DECT 
technology requires a time period of at least 417 fia 
after an active time slot, in order to carry out fre- 



5 



As an alternative, a so-called frequency hopping 



As already stated, the channel allocation scheme 
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quency programming for the carrier frequency of the next 
time slot* Half a time slot of the DKCT Standard matched 
to the ISM band, with a time duration of 833 fiB/2 = 
417 fie, is thus sufficient as an inactive time slot 
5 (blind slot) • 

As can be seen in Fig* 4, a data transmission 
RXl, for example, can be made during the time slot Zl 
from the fixed station to a mobile station at a carrier 
frequency f^^* In order to allow the transmission to be 

10 made with a low bandwidth as well, the time duration of 
the time slot Zl is in this case twice the time duration 
according to the DECT Standard, namely 833 us. The time 
slot Zl is followed by an non-active time slot Z2, whose 
time duration is only 417 /is. This time period of 417 fis 

15 is intrinsically sufficient for an RF module using the 
slow hopping technique to program the carrier frequency 
for the next active time slot Z3 . If it is thus f oxind 
that, for example, the carrier frequency offers better 
reception conditions than the carrier frequency f-^, it is 

2 0 possible, during the time duration of the time slot Z2 

during which no data transmission takes place, to change 
the carrier frequency from the carrier frequency f^^ in 
the time slot Zl to the carrier frequency f3 in the time 
slot Z3, and transmission from a fixed station to a 
25 mobile station can thus take place during the time slot 
Z3 (RX3) • 

The illustrated example shows the case where the 
carrier frequency fx is not changed for transmitting 
between a fixed station and a specific mobile station* 

3 0 As an alternative, a so-called frequency hopping 

method can, of course, also be used, in which the carrier 
frequency is changed after a predetermined time period, 
for example a transmission frame* 

After eight time slots Zl to Z8, which correspond 
35 to half the time slots Zl to Z16 in a time frame of 
10 ms, the mobile station or stations transmit to the 
fixed station using the duplex method (TTD) * For example, 
a mobile station can transmit (TXl) to the fixed station 
at a carrier frequency f during the time slot Z9 . The 
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inactive time slot ZIO following the active time slot Z9 
once again lasts for only half the time duration of the 
active time slot Z9 (833 ^s) , namely 417 fis. The time 
duration of the inactive half time slot ZIO is in turn 
5 sufficient for the RF module to carry out the frequency 
programming for the next active time slot Zll, for a 
further transmission from a mobile station to the fixed 
station (TX2) . 

The structure of the time slots ZX according to 
10 the invention thus allows more efficient use to be made 
of the time frame for digital transmission in the TDMA. 
system, without this resulting in any loss of flexibility 
in the choice of the carrier frequencies. 
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List of reference symbols 

1: Fixed station 

2: Mobile station (cordless telephone) 

3: Mobile station 

5 4: RF module, fixed station 

5: RF module, base station 

6: Antenna, fixed station 

7: Antenna, mobile station 

8: First radio transmission path 

10 9: Second radio transmission path 

10: Terminal line 

Zx: Time slots 

f^: Carrier frequency 
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Patent Claims 

1. Method for digital radio transmission of data 
between a fixed station (1) and at least one mobile 
station (2, 3) at one of a plurality of carrier freqrien- 

5 cies (f^^, fjf ♦..)# in which 

the data are transmitted in a plurality of time 
slots (Zl, Z2, ...) using a time-division multiplex 
method (TDMA) , 

the change from one carrier frequency to another 
10 carrier frequency requires a predetermined time 

period in the order of magnitude of one time slot, 

and 

the data are transmitted in active time slots (Zl) 
each of which is followed by an inactive time slot 
15 (Z2) in which no data are transmitted, and in which 

the time duration of an inactive time slot (Z2) is 
shorter than that of an active time slot (Zl) • 

2. Method according to Claim 1, 
characterized in that 

20 the time duration of an inactive time slot (Z2) is half 
that of an active time slot (Zl) . 

3 . Method according to Claim 1 or 2 , 
characterized in that 

a time-division mutiplex duplex (TDD) method is used. 
25 4. Method according to one of Claims 1 to 3, 

characterized in that 

a transmission time frame contains four active time slots 
(Zl, Z3, Z5, Z7) for transmitting from the fixed station 

(1) to the mobile station (2), and four time slots {Z9, 
30 Zll, Z13, Z15) for transmitting from the mobile station 

(2) to the fixed station (1) , 

5. Method according to one of the preceding claims, 

characterized in that 

the transmission takes place in a 2.4 GHz band. 
35 6. Arrangement for digital radio transmission of 

data, having a fixed station (1) and at least one mobile 
station (2, 3), between which the data can be transmitted 
in a plurality of time slots (Zl, Z2, ...) using the 
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time -division multiplex method (TDMA) , and at a plurality 
of carrier frequencies (f^^, f2/ •*.) using the frec[uency- 
division multiplex method (FDMA) , 

the fixed station (1) and the at least one mobile 
5 station (2/ 3) each having an RF module (4, 5) by 

means of which the carrier frequency for transmit- 
ting during one of the time slots can be chosen, 
RF modules (4, 5) require a predetermined time 
period in the order of magnitude of one time slot to 
10 change from one carrier frequency to another carrier 

frequency, and 

a transmission time frame has active time slots (21) 
in which data are transmitted, each of which is 
followed by an inactive time slot (Z2) in which no 
15 data are transmitted, 

the time duration of the inactive time slot (Z2) is 
shorter than that of the active time slot (Zl) . 

7. Arrangement according to Claim 6, 
characterized in that 

20 the time duration of the inactive time slot (22) is half 
that of the active time slot (21) . 

8. Arrangement according to one of Claims 6 or 7, 
character^ized in that a transmission time frame contains 
four active time slots (21, 23, 25, 27) for transmitting 

25 from the fixed station (1) to the mobile station (2), and 
four time slots (29, 211, 213, 215) for transmitting from 
the mobile station (2) to the fixed station (1) . 

9. Arrangement according to one of Claims 6 to 8, 
characterized in that 

30 the carrier frequencies are in a 2,4 GHz band. 

10. Arrangement according to one of Claims 6 to 9, 
characterized in that 

the RF modules (4, 5) change the carrier frequencies 
during an inactive time slot. 
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Abstract 

Method and arrangement for effective radio transmission 
of data 

According to the invention, a method and an 
arrangement are provided for digital radio transmission 
of data between a fixed station (1) and at least one 
mobile station (2, 3) at one of a plurality of carrier 
frequencies (Fl, F2 ...), the data being transmitted in 
a plurality of time slots {Zl, Z2 .,.) using a time- 
division multiplex method. The change from one carrier 
frequency to another carrier frequency requires a prede- 
termined time period when so-called slow hopping RF 
modules are used* The data are transmitted in active time 
slots, which are each followed by an inactive time slot 
in which no data are transmitted and which is sufficient 
for the RF modules to prograimne the frequency for the 
next active time slot. According to the invention, the 
time duration of the inactive time slot is shorter than 
that of an active time slot. 
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German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statti 

dass mein Wohnsitz, meine Postanschrift, unci meine 
Staatsangehorigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 

dass ich, nach bestem Wissen der ursprOngliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprQnglicher, erster und 
Mlterfinder (falls nachstehend mehrere Namen 
aufgefOhrt sind) des Gegenstandes bin, for des dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fOr die Erfindung mit dem Titel: 



As a below named inventor, 1 hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Method and arrangement for effective radio 
transmission of data 



deren Beschreibung 
(zutreffendes anKreuzen) 

□ hier beigefugt ist. 

□ am 



als 



PCT internationale Anmeldung 

PCT Anmeldungsnummer 

eingereicht wurde und am 

abgeandert wurde. 



the specification of which 

(check one) 

□ is attached hereto 

a was filed on 14 August 1997 as 

PCT international application 

PCT Application No. PCT/DE97/0174Q 

and was amended on 22 December 1999 upon U.S. 

National Stage filing as Serial No, 09/446,545 



ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspriiche 
durchgesehen und verstanden habe. die eventuell 
durch einen Zusatzantrag wie oben erwShnt 
abgeSndert wurde. 

Ich erkenne meine Pfiicht zur Offenbarung 
irgendwefcher Informationen, die fOr die Prilfung der 
vorliegenden Anmeldung in Einklang mit Absatz 37, 
Bundesgesetzbuch, Paragraph 1.56 von Wichtigkeit 
sind, an, 

Ich beanspruche hiermit ausl^ndische Priohtatsvorteile 
gemSss Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten. Paragraph 119 alter unten 
angegebenen Auslandsanmeldungen fOr ein Patent 
Oder eine Erfindersurkunde, und habe auch alle 
Auslandsanmeldungen fur ein Patent oder eine 
Erfindersurkunde nachstehend gekennzeichnet, die 
ein Anmeldedatum haben, das vor dem 
Anmetdedatum der Anmeldung liegt. fGr die Prioritat 
beansprucht wird. 



1 hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



1 acknowledge the duty to disclose information which 
is material to the examination of this application in 
accordance with Title 37. Code of Federal Regulations, 
§1.56. 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed; 
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Prior foreign applications 
PrioritSt beansprucht 

PCT/DE97;01315 POT 

(Number) (Country) 
(Nummer) (Land) 



(Number) 
(Nummer) 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Country) 
(Land) 



24 JUNE 1997 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr etngereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



Priohtv Claimed 



■ 


u 


Yes 


No 


Ja 


Nein 


□ 


□ 


Yes 


No 


Ja 


Nein 


□ 


□ 


Yes 


No 


Ja 


Nein 



!ch beanspruche hiermit germSss Absatz 35 der 
Zivilprozessordnung der Vereinigten Staaten, 
Paragraph 120, den Vorzug ailer unten aufgefilhrten 
Anmeldungen und falls der Gegenstand aus jedem 
Anspruch dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der Ztviiprozetlordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56 meine Pflicht zur Offenbarung von 
informationen an, die zwischen dem Anmeldedatum 
der frGheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 



! hereby claim the benefit under Title 35, United States 
Code. §120 of any United States application(s} )isted 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122 I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1.56 which occurred between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 



(Application Serial No.) 
(Anmeldeseriennummer) 



(Filing Date) 
(Anmeldedatunr)) 



(Status) 

(patentiert, anhSngig, 
aufgegeben) 



(Status) 

(patented, pending, 
abandoned) 



(Application Serial No.) 
(Anmeldeseriennummer) 



(Filing Date) 
(Anmeldedatum) 



(Status) 

(patentiert, anhSngig, 
aufgegeben) 



(Status) 

(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir In der 
vorliegenden Eki^rung gemachten Angaben nach 
meinem be$ten Wissen und Gewissen der vollen 
Wahrheit entsprechen, und dass ich diese 
eidesstattliche Erklarung in Kenntnis dessen abgebe, 
dass wissentlich und vorsStzlich falsche Angaben 
gemSss Paragraph 1001, Absatz 18 der 
Zivilprozessordnung der Vereinigten Staaten von 
Amerika mit Geldstrafe betegt und/oder Gef^ngnis 
bestraft werden koennen, und dass derartig wissentlich 
und vorsStziich falsche Angaben die GOltigkeit der 
vorliegenden Patentanmeldung oder eines darauf 
erteilten Patentes gefahrden konnen. 



1 hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title IS of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erftnder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicklung aller damit verbundenen Geschafte 
vor denr^ Patent- und Warenzeichenamt: (Name und 
Reglsirationsnummer anfOhren) 



POWER OF ATTORNEY: As a named inventor, 1 
hereby appoint the foiiowing attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Tradennark Office 
connected therewith, (list name and registration 
number) 



And i hereby appoint Messrs. John D. Simpson (Registration No. 19,842 ), Steven H. Noll (28,982), 
^Brett A, Valique t (27^,841 ), James D. Hobart (g4,149), Melvin A. Robinson (31810), and Mark BergneTHS^S??)), 
all members of the firm of Schiff Hardin and Waite, 



TelefongesprSche bitte richten an: Direct Telephone Calls to: (name and telephone number) 

(Name und Telefonnummer) 

312/258-5500 

Postanschrift: Send Correspondence to: 

SCHIFF HARDIN & WAITE 
PATENT DEPARTMENT 
6600 Sears Tower, Chicago, Illinois 60606-6473 



Voiier Name das ©Inzlgen oder ursprungtichen Erflndera: 

KOCKMANN, Juer9en 


Full name of scl© or first Inventor- 


Untfifsctifift des Erflnders Datum 


Inventor's Signature Date 


40489 Duesseldorf, Germany X^trK 


Residence 


5taatsangeh<>r*gkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Albrecht-Duerer-Str. 16 


Post Office Address 


40489 Duesseldorf 
Bundesrepublik Deutschland 






Voller Name dea zwaiten Miterf nders (falls zuttreffead): 

KRUK, Anton 


Fuil name of second joint tnvertor, If any: 


Unterech^t des Erfmderf _ ^ Datum 


Inventor's signature Data 


Wohnste r 

4Q099 ElkfaTh H^GH^^ iki^^t^kd^ 


Residence 


Staaisangehorigkeh 

Bundesrepublik Deutschland 


Citizenship 


SchubertotraooQ 20 Ho^k'sn Lu^Ue^ CI^k// 


Post Office Address 


4nRP.q Frkrath ^999 ^fat^i^i^Uelin 
Bundesrepublik Deutschland 




Bitte entsprechende Informationen und Unterschriften 


(Supply similar information and signature for 



im Falle von weiteren Miterfindern angeben). subsequent joint inventors). 
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VERTRETUNGSVOLLMACHT: AIs benannter Erfjnder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfoigung der vorliegenden Patentanmeldung sowie 
mit der Abwickiung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfUhren) 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



And 1 hereby appoint Messrs. John D. Simpson (Registration No. 19.842), Steven H, Noll (28,982), 
Brett A. Valiquet (27,841), James D. Hobart (24,149), Melvin A. Robinson (31,870), and Mark Bergner (45,877)), 
all members of the firm of Schiff Hardin and Waite. 



TelefongesprSche bitte richten an: Direct Telephone Calls to: (name and telephone number) 

(Name und Telefonnummer) 

312/258-5500 

Postanschrift: Send Correspondence to: 

SCHIFF HARDIN & WAJTE 
PATENT DEPARTMENT 
6600 Sears Tower, Chicago, Illinois 60608-6473 



voUer Name tfes einzigen oder ursprDngljchen Erfinders; 

KOCKM^N, Juergen 


Fuil name of sole or first invenion 




Unterschrift des Erflndftrs*^-^^ Viatum 


Invenior's signature ^-^"^"^'^'''''^'^ 


Wohnsitz -.^^ ^ 

40489 Duesseldorf, Germany ^ -'^ 


■^'f^esidence 


Staatsangehdrigkeit ^^^""^^ 

Bundesrepublik Deutschl^cvd"^ 


Cittzenship 


Postanschrift 

A!brecht-Du^f<§tr. 16 


Post Office Address 


40489-CJuesseldorf 
^^tffidesrepublik Deutschland 






- \ Voller Namd des rweiten Miterfinders (faJfs zuttreffend); 

- KRUK. Anton 


Full name of second jolrt fnvenior. if any: 


Umerschrift das Erf nders Datum 


inventor's signature Date 


Wohnsitz 

46499iiaJDnmink^^ 


Residence 


Stastsangehorigfceli 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Martin Luther Str1 


Post Office Address 


46499 Hamminkein 
Bundesrepublik Deutschland 




Bitte entsprechende Informationen und Unterschriften 


(Supply Similar information and signature for 





im Falle von weiteren Miterfindern angeben). subsequent joint inventors). 
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Voller Name des drltten Miterfinder^ (fafis zuUreffend): 

TERGLANE, Hermann-Josef 


Full name of third Joint inventof. if any: 




Unt^MlWL(5^Ernnclere^ Datum ^ 


inventor's signalurs 


Date 


481^16 Heek, Gernnany X>fr)^ 


Residence 


Staatsangehorigkeit 

Bundesrepublik, Deutschland 


Citizenship 


Postanschrift 

Nelkenweg 20 


Post Office Addmss 


48619 Heek 

Bundesrepublik, Deutschland 




Votier Namo des vierten Mlterfinders ffalls zuttraffsnd): 

SYDON, Uwe 


Full nam© of fourth joint inventor. W any; 


Umers(*rift das Erftnders / . / Datum 

V IMaA S>Aj^ \ 10. OcL 2OO0 


Inventor's signaiurs 


Date 


Wohnsttz 

40489 Duesseldorf, Germany y>==^x ^ 


Residenca 


Siaatsangehfingkait 

Bundesrepublik, Deutschland 


Citizenship 


Postanschrift 

Rosspfad 7 


Post Office 


40489 Duesseldorf 
Bundesrepublik, Deutschland 




VoHer Name des fanfien Miterfinders (fails zuttreffend): 

SCHLIWA, Peter 


Fuil nanie of firth joint inventor, If any: 


Unterschrlft de3^j;*^n;^ * f Datum 


!nventor*s signature 


Data 


WohnsiWr ^ 

46499 Hamminkein, Germany v^^SCz) 


Residence 


StastEangeharigkek 

Bundesrepublik, Deutschland 


Citizenship 


Postanschrift 

Hasselmannsfeld 27 


Post Office Addreae 


46499 Hamminkein 
Bundesrepublik, Deutschland 





(Bitte entsprechende Informationen und Unterschriften 
im Falle von weiteren Miterfindern angeben). 



(Supply similar information and signature for 
subsequent joint inventors. 
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